Objective: To determine the impact of state certificate of need programs (CON) on the number of hospitals with neonatal intensive care units (NICU) and the number of NICU beds.
Introduction
Even with evidence that regionalized systems of perinatal care improve outcomes of premature infants, [1] [2] [3] [4] data from multiple states suggest that an increasing number of prematurely born infants are delivered at hospitals with lower volume, lower-level neonatal intensive care units (NICUs). [5] [6] [7] [8] One reason for this change in delivery hospital is the economic benefit that hospitals derive from constructing a NICU, regardless of its size or capabilities. Many obstetricians do not deliver at a hospital without a NICU on site, and those who do deliver at a hospital without NICU capabilities would have any high-risk delivery transferred to another hospital. Furthermore, hospitals extensively market their high-technology services such as NICUs to attract an entire family to use their hospital. These economic factors may induce hospitals to build NICUs, even when there may not be a need for these extra units at a regional level. 9 There are mechanisms at the state level to limit the expansion of high-technology health care services such as neonatal intensive care. The most common mechanism is a certificate-of-need program (CON), initially developed in the 1970s. The overall goal of these programs is to contain healthcare costs by reducing expansions to the healthcare infrastructure. As a secondary goal, CON legislation was thought to improve the outcome of medical care by increasing the volume of patients at any one given hospital. [10] [11] [12] Although initially mandated by the Federal government through medicare payments, states now have the option to continue or disband their CON programs after the Federal government ended mandatory CON programs in 1987.
Although studies suggest that CON legislation reduces the number of adult acute-care hospital beds by 10 to 20%, 10 the effect of CON legislation on reducing the cost and outcomes of health care, principally for adult cardiac patients, shows conflicting results. 11, [13] [14] [15] [16] [17] However, research on the impact of CON programs on the organization of pediatric health care services is limited. Neither the extent of CON legislation for NICUs nor the impact of such legislation on the supply of neonatal intensive care beds or statewide mortality rates has been examined. Moreover, the impact of CON legislation has not been explored in states with larger metropolitan areas that are likely to see a more rapid deregionalization of perinatal care. Thus, the goal of this project was to (1) describe the extent of CON legislation in the United States regarding NICU expansion after elimination of Federal mandates for CON legislation in 1987; (2) determine the association of CON legislation on the number of NICUs and NICU beds; and (3) determine the association between CON legislation and statewide infant and very-low birth-weight (VLBW) mortality rates. All analyses will be carried out with and without adjustment for state characteristics, such as overall birth rate, rate of low-birth weight (LBW) and VLBW deliveries, degree of penetration by health maintenance organizations and educational status. We hypothesized that states with CON legislation will have fewer NICUs than states without CON legislation, with lower mortality rates. We also hypothesized that CON legislation would have the greatest effect on level II NICUs, which require the fewest resources to develop.
Methods

Assessment of CON legislation
On the basis of a survey of the state's website and telephone calls with each state's department of health, 37 states and the District of Columbia had CON legislation in place in 2009. To determine which states regulate NICUs with their CON program, administrators at each agency were directly contacted. Of these 37 states and the District of Columbia, 30 regulate the construction of NICUs through a CON program (Figure 1 ). No new CON programs were begun since the elimination of Federal mandates for CON legislation in 1987. Data were cross-referenced with data from the American Health Planning Association and the National Conference of State Legislatures. 18, 19 Outcome measures The primary outcome measures were the number of NICUs and NICU beds in each state in 2008. This information was taken from the perinatal healthcare assessment survey published by the Perinatal Subgroup of the American Academy of Pediatrics. 20 In addition to total beds, we also calculated the total number of beds within level II NICUs and level III NICUs. The assessment survey also provided the NICU level at each hospital based on published American Academy of Pediatrics guidelines 21 (Table 1) . We used these published guidelines to standardize the definition of NICU level between different states. As a measure of the outcome of perinatal care, all-infant mortality rates and mortality rates of VLBW infants (<1500 g at birth) and LBW infants (<2500 g at birth) from each state in 2005 were obtained from the National Center for Health Statistics. 22 In multivariable analyses, we also included potential confounding variables for the number of hospitals and hospital beds in a state. These factors included the degree of penetration by 23 sociodemographic factors, such as the percentage of population with a high school education, the percentage of the population living below the poverty line and the percentage of births covered by Medicaid; and measures of the demand for neonatal services within a state, including overall birth rate and the percentage of births delivering either below 2500 g (LBW) or 1500 g (VLBW).
Data analysis
Because of the non-normal distribution of beds and number of NICUs in the data set, non-parametric ranksum tests compared variables in CON and non-CON states without adjusting for potential confounding variables. Multivariable poisson regression models were constructed to compare the independent effect of CON legislation on each of our number of bed and number of hospital outcome variables after controlling for these confounding variables. Poisson's models were used because many states had no or very few of these outcomes or zero-inflated outcomes data, with a concurrent rightward skew of the data. Linear regression models were used to determine any association between CON status and the three mortality rate figures listed above. Statistical significance was defined at the 5% level after controlling for multiple comparisons using the Bonferroni's correction. On the basis of 30 states having CON legislation, this study is powered to find a difference of 0.8 s.d. units in each mortality rate statistic. This difference translates to a change of 1.3 deaths/1000 infants, a 0.8% change in LBW mortality and a 2.6% change in VLBW mortality.
One potential issue with this analysis was that, in many smaller states with a small number of births, there are fewer economic incentives for expansion of neonatal care. For example, the state of Wyoming does not have a NICU in its state. However, many of these states may have CON programs to regulate NICUs. Including these smaller states may bias towards finding a nonsignificant result, if by building one NICU, the state has a very-high ratio of NICU beds to number of VLBW infants. To standardize the economic and geographic pressures for building additional neonatal beds and units, a priori we also carried out our analyses on a subgroup of states that had at least one metropolitan statistical area of one million residents or more in 2008, and between large and small states.
Results
Of the 37 states and the District of Columbia that have CON legislation, 30 regulate the development of NICUs (Figure 1 ). States with CON legislation tended to be east of the Mississippi, with large and small states represented in both groups.
Among all 50 states and the District of Columbia, the median number of hospitals with any NICU, any level III NICU or a level II nursery in states with CON legislation was similar to states without CON legislation (Table 2) . However, when we only examined the states with at least one large metropolitan statistical area, those states with CON legislation had significantly fewer level IIIB hospitals (median 2, interquartile range (IQR) 0 to 7), level III hospitals (median 4.5, IQR 2 to 17) and hospitals with a NICU (median 4.5, IQR 3 to 18) compared with states without CON legislation (median 7 level IIIB hospitals, IQR 3 to 16; median 12 level III hospitals, IQR 7 to 29; median 14 NICU hospitals, IQR 7 to 35). These differences in NICU numbers also resulted in significantly fewer level IIIB, any level III and total number of NICU beds in states with CON legislation. Large metropolitan states with CON legislation had a median of 224 fewer NICU beds than those states without CON legislation. There were no statistically significant differences in all-infant, VLBW or LBW mortality rates between CON and non-CON states.
After controlling for differences in sociodemographic characteristics, birth rates and the degree of health maintenance organization penetration in each state, states without CON legislation had significantly more hospitals with a NICU (Rate Ratio (RR) 2.06, 95% CI 1.74 to 2.45) and total beds (RR 1.96, 95% CI 1.89 to 2.03) compared with states with CON legislation (Table 3) . Level III NICUs made up these differences, as there was no statistically significant difference in the number of level II nurseries (RR 1.52, 95% CI 0.94 to 2.45) or beds (RR 1.18, 95% CI 0.99 to 1.39) between states with or without CON legislation.
The effects of CON legislation on the number of hospitals with NICUs and the number of NICU beds were larger when we examined only states with at least one large metropolitan area. Lack of CON legislation was associated with more hospitals with NICUs (RR 2.29, 95% CI 1.83 to 2.87) and more NICU beds (RR 2.36, 95% CI 2.26 to 2.47). The number of level III NICUs was 2.7 times higher in states without CON legislation, with the largest effect occurring in level IIIB hospitals (RR 3.21, 95% CI 2.17 to 4.73). Similarly, the effect of CON legislation also differed by a state's size (Table 3) . The number of level III NICUs and beds were significantly higher in states without CON legislation, regardless of the state's size. However, the degree of the effect was larger in smaller states compared with larger states.
Mortality rates for VLBW or LBW infants were not significantly different between CON and non-CON states. However, for states with at least one large metropolitan area, states with CON legislation had significantly lower all infant mortality rates compared with states without CON legislation (0.54 fewer deaths/1000 births, 95% CI 0.02 to 1.06).
Discussion
Since the end of federally mandated CON legislation in 1987, 20 states have eliminated oversight of the building of additional NICUs or additional neonatal intensive care beds. These states are primarily in the West and Midwest and are widely diverse in size.
In these 20 states without CON legislation, there are now twice as many hospitals with NICUs and almost twice as many NICU beds as in states with CON legislation. Contrary to our hypotheses, there are more hospitals with level III NICUs in states without CON legislation that have the capacity to care for the sickest premature infants, with the greatest initial costs. Even larger differences between CON and non-CON areas are seen in states with a metropolitan area of 1 000 000 people or greater, including a reduction in all infant mortality rates, and in smaller states. These results present for the first time both the current state of CON legislation for neonatal health care and evidence that CON legislation may be an effective tool to encouraging regionalization of neonatal intensive care, both from the number of hospitals delivering neonatal care and from reductions in mortality rates.
The impact of CON legislation on the supply and consequent outcome of health care has been investigated in adult medicine. CON programs were mandated at the federal level in 1974. Several studies before 1987 suggest that CON legislation reduced the number of hospital beds but did not affect other measures of health services investment. 24, 25 More recent data after the elimination of Federal CON mandates demonstrate that states with CON programs have a 10 to 20% reduction in short-term acute care hospital beds. 10 The impact of these bed reductions on healthcare outcomes, however, is less well understood. Older studies suggest that increased regulation had either little effect on quality or increased mortality rates among adult hospital inpatients. 14, 16 However, more recent data suggest that the mortality of Medicare beneficiaries in states with CON regulation is significantly lower, both before and after adjusting for medical risk. 26 Another recent study suggests that repealing CON legislation results in fewer procedures per hospital for the acute management of adult coronary disease with no permanent impact on mortality rates, using study designs that provide a less biased assessment of the impact of repealing CON legislation. 13 Our data are the first to study the effects of CON legislation on neonatal intensive care, and suggest that CON legislation has a larger effect on NICU bed supply than other studies of adult bed supply. Furthermore, our data suggest that there may be regional or state-specific effects that modify the association between CON legislation and NICU supply.
This work is also important because of recent data to suggest that regionalization of neonatal care is decreasing. [5] [6] [7] [8] For example, data from California found that the number of hospitals delivering high-level neonatal specialty care increased from 17 to 52 between 1990 and 1997. As a result, the percentage of total live births at regional perinatal centers declined from 16.9 to 11.7%, and the percentage of very LBW births at regional perinatal centers declined from 36.5 to 27.2%. 8 One reason for this shift is the economics of obstetrics care. Fees for the delivery of the infant are much higher than the fees for the provision of prenatal Table 2 Univariable differences in number of facilities and beds, by CON status
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States with a large metropolitan area Certificates of need and neonatal intensive care SA Lorch et al care. Thus, many hospitals may be under economic pressure to open a specialty NICU to reduce the transfer of high-risk women to other hospitals. 9 The association we found suggests that CON legislation may counter these pressures to increase the supply of NICUs and beds in a given geographic area that result in higher costs.
CON legislation was associated with lower numbers of level III NICUs and beds, not lower level II units or beds that care for infants with birth weights over 1500 g. However, there were wide variations in the number of both level II and level III hospitals per state. This may occur because in some states there is additional legislation that constrains the ability of hospitals to build level III NICUs, such as 24-h neonatologist staffing requirements in Massachusetts. 27 Some limitations to this work are similar to those of other studies of CON legislation. First, these data are only at the state level; no individual patient level data were available to improve risk adjustment of the mortality rate outcomes. The use of these data should not affect the evaluation of the supply of neonatal hospitals or neonatal beds, but the addition of patient-level data could change the association between the presence of CON legislation and perinatal outcomes, if there are large-scale, systematic differences in illness severity between states with CON legislation and those without. Given the population-based nature of these analyses, such a systematic difference in illness severity is unlikely. Moreover, this analysis does not account for patient preferences for where they receive their healthcare. Adult and obstetric patients tend to receive care at the closest hospital, 28, 29 but the barriers to travel to hospitals further from home are not known for pediatric or high-risk obstetric patients. If patients demand high-technology care closer to home, then building more NICUs may provide benefits to the population even though the number of NICU beds is doubled. Finally, we cannot determine whether the repeal of CON legislation directly led to an increase in the number of NICU beds or hospitals. Because of the long time it takes to build NICU beds or hospitals, data are not available to apply various study design to assess this question, such as a differencein-differences design. Moreover, there may be other factors in states that repealed CON legislation, such as the overall political belief system, that also resulted in an increased number of NICU beds. However, states that continue to have CON legislation vary widely in their political systems and overall economic health, including states from more interventional parts of the country such as the Northeast and states from more conservative areas such as the Southeast. Similar heterogeneity was seen in states without CON legislation. At the very least, our data suggest that the lack of CON legislation is associated with an expansion of NICU services. In summary, we found that 20 states had eliminated their CON legislation for NICUs. The lack of CON legislation was associated with twice as many NICUs and NICU beds, primarily level III NICUs, after controlling for volume of VLBW and LBW infants and other characteristics of the economic health of the state. The effect seems to be greater in states with large metropolitan areas that provide the larger volume of deliveries that may stimulate further unchecked growth, and in smaller states. These data suggest that CON legislation could provide one method to balance economic pressures to increase the supply of neonatal beds in the United States.
